SUMMARY: To assess the reproductive condition of the common kilka, Clupeonella cultriventris, the somatic condition and reproductive characteristics were studied by histological analysis. A total of 800 specimens from the Bandar Anzali coast on the Caspian Sea were sampled. The gonadosomatic index (GSI) for females and males attained maximum values in May in the first period of sampling and in March-April in the second period, suggesting temporal variations in spawning activity. The pattern of oocyte frequency distribution demonstrated that the common kilka is a batch spawner with group-synchronous oocyte development. The estimated relative batch fecundity was 6718 oocytes g -1 . A low level of atresia (4.7%) during the spawning season showed that this species was in optimal somatic condition. This weakens the hypothesis that abundance of the ctenophore (Mnemiopsis leidyi) in the Caspian Sea, as a food rival for kilka, influences the body condition and subsequently the reproductive capability of this species.
INTRODUCTION
The common kilka (Clupeonella cultriventris) belongs to the Clupeidae family and is a commercially important species in the Caspian region. It lives in the coastal zone at a depth of less than 50-70 m (Prikhodko 1981 , Pourgholam et al. 1996 , Fazli and Besharat 1998 . Although there is limited information on the reproductive biology of the common kilka, a description of the peak spawning time in the Babolsar region, southeast Caspian Sea was made by Naderi et al. 1997 . In recent years, the common kilka has become the most abundant clupeid in the commercial catch, after a dramatic decline in the fisheries of another two clupeids: anchovy (C. engrauliformis) and big eye (C. grimmi) (Besharat and Khatib 1993 , Pourgholam et al. 1996 , Fazli 2007 ). Overfishing and the competition for food of clupeid fish by comb jelly fish (Mnemiopsis leidyi), an introduced alien ctenophore in the Caspian Sea, are recognized as causative factors for the considerable decline in abundance of clupeid fish (Bilio and Niermann 2004) . Heavy competition for zooplankton from M. leidyi causes starvation in the clupeid stocks (Kideys 2001) .
Egg production and recruitment are mainly associated with appropriate feeding conditions (Lambert and Dutil 2000) , and lack of appropriate feeding may result in a reduction of the reproductive fish capability (Rideout and Tomkiewicz 2011) . Reproduction in fishes can be suppressed by the starting and subsequent interruption of vitellogenesis due to mass atresia of vitellogenic oocytes (Rideout et al. 2005) .
In highly fecund species such as some teleost fishes, some of the changes in the structure of a population can be defined by the reproductive capability (Einum et al. 2003) . The variations in reproductive features (e.g. gonad weight, fecundity and spawning strategy) can be affected by biotic or abiotic factors (Fowler et al. 2000) and these factors can potentially affect the reproductive potential (Marshall et al. 1998) . Thus, the most essential issue in the reproductive strategy is to increase the reproductive capability, which is in turn related to the availability of energy and parental survival (Wootton 1984 , Roff 1992 , Pianka 2000 . In response to environmental fluctuations, fish follow different strategies and tactics (Balon 1984 , Ware 1984 such as regulating fecundity and selecting a suitable spawning season in order to increase their reproductive potential.
Somatic condition, atresia and fecundity are connected in reproductively mature individuals. Fecundity appears to be regulated by the number of atretic oocytes in early or late vitellogenesis, when the energy reserve is insufficient Buzzoli 1995, Miranda et al. 1999) . In the case of heavy food competition between kilka and other organisms, such as ctenophores, body condition and thus reproductive potential may be affected. A previous study (Roohi et al. 2008 ) revealed significant biomass (up to 58.9 g m -3 ) and abundance (up to 1157 individual m -3 ) of M. leidyi in shallow and coastal waters of the south Caspian Sea in the period [2001] [2002] [2003] [2004] [2005] [2006] . The present study, performed in subsequent years, examines the reproductive biology of C. cultriventris in the south west of the Caspian Sea and enables us to understand the possible effect of M. leidyi on the reproductive output of the common kilka. The main objective was to assess patterns of gonadal development, spawning strategy, batch fecundity and the occurrence of atresia in the common kilka. Additionally, its somatic condition was determined and compared with that of previous years (1994) (1995) (1996) in order to assess its relation to reproduction.
MATERIALS AND METHODS

Sample collection
A total of 800 common kilka (467 males, 333 females) were sampled fortnightly from Bandar Anzali coastal areas (Fig. 1) at depths of 40-60 metres from March 2008 to May 2009. Additionally, to further monitor gonadal changes on a weekly basis, weekly sampling was performed during the peak of the reproductive season (March, April and May). On each occasion, 30-40 fish were sampled. The sex ratio was closely similar in almost all months except March, April and May, when male fish were dominant. Fishing was done at night, onboard a commercial fishing fleet equipped with cone nets and underwater lights. Fish were stored on ice and dissected in the laboratory within six hours of capture.
All fish were sexed (male or female), measured to the nearest millimetre total (TL) and fork length (FL), and weighed (TW) to the nearest gram. The gonads of each fish were removed and weighed (GW) to the nearest 0.1 mg; their maturity was macroscopically staged (Table 1 ) and they were preserved in formalin (4%). The gonadosomatic index (GSI) was calculated using the following formula (Brown-Peterson et al. 2001 
The length and weight data of common kilka between 1994 and 1996, corresponding to the years of M. leidyi appearance in the Caspian Sea (Bilio and Niermann 2004) , as well as the fisheries data were provided by the Guilan fisheries research centre from stock assessment projects (Pourgholam et al. 1996 , Fazli and Besharat 1998 , Iranian Fisheries Organization data 2011 . Sea surface temperatures during the sampling period were supplied by the Bandar Anzali station of the Iranian bureau of metrology (www.weather.ir).
Laboratory processing and histological analysis
The size-frequency distribution of oocytes within the intact ovaries of 10 females at each stage of maturity was determined using a microscope equipped with a micrometer. Sections 2-3 mm thick were cut from the anterior, middle and posterior sections of the left ovary and different sizes of oocytes (in a Petri dish) were detached using hypodermic needles. Oocytes are rarely perfectly spherical in shape, so the average of large and small diameters of approximately 100-300 randomly selected oocytes were measured under a stereo-microscope (Olympus SZX12, USA) using transmitted light and bright-field illumination. The development stage of each whole oocyte was determined macroscopically using the criteria proposed by Davis and West (1993) .
Batch fecundity (GSI) estimates were calculated according to the number of germinal vesicle migration (GVM) stage oocytes at the beginning of the spawning season (Hunter and Macewicz 1985a) . Only those fish with undamaged ovaries at the stage of final oocyte maturation (FOM) and showing no sign of postovulatory follicles (POF) or major atresia were considered for BF estimation (Ganias et al. 2003) . To quantify the effect of ovary region on the number of oocytes at the FOM stage, 0.02 g of ovarian tissue from three sections (posterior, middle and anterior) of both left and right ovaries were taken from 10 females at the stage of FOM. Analysis of variance (ANOVA) was used to compare the number of oocytes per gram between subsamples taken from the three sections of each ovary and also between the two ovaries. There was no significant difference in fecundity between left and right ovaries (F=1.47; df=1, 1301; P=0.225) but the number of oocytes varied significantly when posterior and anterior sections of each ovary were compared (F=984.58; df=2, 1301; P<0.05). Therefore, three 0.02 g subsamples from the anterior, middle and posterior sections of each right ovary were weighed accurately and used to estimate BF. The average fecundity was estimated from the average number of oocytes in the three sections multiplied by the total ovarian weight (g). Histological analysis was used to verify the macroscopical maturity stage and occurrence of atresia in ovaries. A longitudinal section and 3-4 transverse sections from preserved left ovaries were dehydrated in an ethanol series, embedded in paraffin, and sectioned at 6 µm, before staining with Mayer's haematoxylin and eosin. A histological classification of oocytes (Table  1) was made based on the terminology defined by Lowerre-Barbieri et al. (2011a) and the staging criteria from Brown-Peterson et al. (2011) . Ovaries were staged based on the presence of the most advanced type of oocyte (Wallace et al. 1987) . The entire ovarian section was examined for the presence of POF and the atretic oocytes (Hunter and Macewicz 1985b) (Table 2 ). Females that had recently ovulated were identified by the presence of POFs. Females that had ceased spawning activity were identified by an absence of hydrated oocytes or POFs and the presence of high proportions of atretic vitellogenic follicles (Hunter and Macewicz 1985b) . Ovarian stage of atresia was determined based on the presence of different types of atretic oocytes at the different stages of ovarian recrudescence. The presence of alpha (α), beta (β), and gamma (γ) stages of atretic oocytes in the ovaries was used for atresia staging. A hundred randomly-selected oocytes from three histological sections of each ovary were assessed to determine the total percentage of the three stages of atretic oocytes in each ovary. The percentage of atretic oocytes in stage 3, 4 and 5 ovaries (n=100) was estimated by counting the number of atretic oocytes under intersections of an ocular grid with 16 intersections in 5-10 microscopic fields.
Statistical analysis
Two-way ANOVA was applied to determine the interaction of gender and month as independent variables with dependant variables of GSI. The Tukey post hoc test was used to identify significant differences between the various means, while the error terms of ANOVA analyses were tested for homogeneity of variance and normality. Geometric mean regression analyses were used to describe the relationship between TL and somatic weight (SW). A residual value (actual weight minus predicted weight) for each individual was obtained from these equations and standardized by dividing each residual by the standard deviation of the predicted values. These residual values provided a sizeindependence measure of somatic condition (Jakob et al. 1996, Hayes and Shonkwiler 2001) . Variation in the somatic weight of individuals was explored as a function of year (1994, 1995, 1996 and 2008 ) using a one-way analysis of covariance (ANCOVA), with total length as the covariate. Linear regression was applied to describe the BF-GSI and BF-SW relationships. Statistical analysis was conducted using SPSS (Version 16, Inc., Chicago, IL, USA) and differences of P<0.05 were considered statistically significant.
RESULTS
Fork length of specimens ranged from 6.5 to 13.5 cm for females and from 8 to 13 cm for males. Changes in GSI were dependent upon the combination of gender and month (F gender*month =32.91, df=27, 799, P<0.05). The average GSI increased in both sexes from March and reached its maximum value in May (Fig. 2) , while the extent of the increase was noticeably higher in females. The GSI showed a descending trend from July 2008 and fish of both sexes had a relatively low GSI between August (2008) and January (2009). In 2008 the peak of reproductive activity occurred in May, while in 2009 it took place in March.
The diameter of oocytes in stages 2 and 3 was less than 260 µm (Fig. 3) . Stage 3 ovaries contained oocytes with yolk vesicles in the cytoplasm (Fig. 4a) . Stages 4 (Fig. 4b) and 5 (Fig. 4c) ovaries were marked by an increase in oocyte size to 440 and 520 µm, respectively. In stage 5, large, nucleus-migrated oocytes were apparent (Fig. 3) , accompanied by smaller vitellogenic oocytes (Fig. 3) . Histological examination of ovulated ovaries revealed the presence of a heterogeneous population of smaller oocytes together with hydrated oocytes (Fig. 4d) .
There was no or little evidence of atresia in stages 4 and 5 of maturity. Mature common kilka females exhibited a very low degree (4.7%) of atresia in stage 3 of maturity. However, no state 2 and/or 3 atresia was evident in stage 3 and therefore females were classified in state 1 of atresia (Table 2) . Batch fecundity ranged from 3646 to 10198 eggs. The estimated mean relative batch fecundity for common kilka (eggs spawned per gram of body weight per batch ±SE) was 6718±175. There was a significant positive relationship between batch fecundity and GSI (Fig. 5a ), which is described by the equation BF=240.5GSI+2940. However, the relationship between batch fecundity and somatic weight (BF=100.7SW-5 723) was found to be very weak and insignificant in the common kilka (Fig. 5b) .
Finally, according to Iranian Fisheries Organization data (2011), the total annual kilka catch in the southern waters of the Caspian Sea dropped from 41000-95000 (Fig. 6 ).
DISCUSSION
The common kilka investigated in this study displayed oocyte development, with two clear clutches of oocytes during the spawning season. In batch-spawning fish, eggs are recruited and ovulated from the population of yolked oocytes in several batches over a protracted period during each spawning season (Murua and Saborido-rey 2003) . The spawning batch is separated in size and can be recognized from the smaller oocytes at least in late developmental stages. There are reports that in some fish species, such as anglerfish (Lophius litulon), the spawning batches are separated in size and are released once every one or more months during the spawning season (Yoneda et al. 2001) . In common kilka, the size-frequency distribution of oocytes in the oocyte maturation stage showed one pioneer clutch of large-size oocytes with nucleus migrated to periphery of cytoplasm. This clutch was accompanied by another clutch of growing oocytes that would be released later in the same spawning season as a second batch. The hypothesis of batch spawning is supported by the presence of various stages of sexual maturity (vitellogenic, oocyte maturation and ovulated) in the spawning period. Additionally, the lack of females with POFs after initial spawning, and their later appearance, indicate another spawning over a relatively long interval. This confirms that the common kilka is a batch spawner and is capable of spawning more than once during the spawning season.
In many fish species GSI, together with the proportion of various reproductive stages, is considered a reliable method for estimating the duration of the spawning period and the peak of spawning activity (Fowler et al. 2000 , Brown-Peterson et al. 2001 , Lowerre-Barbieri et al. 2011b . In the present study the interannual variation in the initiation and peak of spawning activity of the common kilka was evident. Previous studies of these reproductive characteristics have highlighted the variability at the start and peak of the spawning season. Fazli et al. (2000) showed that in 1996-1998 the peak of spawning activity occurred in April, while in 1999 it occurred in May. Additionally, Prikhodko (1981) reported that the peak of spawning activity for the common kilka is in March and April in the south Caspian Sea. One of the most important environmental factors that can change the timing of the onset of the spawning period is water temperature (Wootton 1982 , Lam 1983 , Scott and Pankhurst 1992 , on which gonadal development usually depends (Kruse and Tyler 1983 , Asahina and Hanyu 1983 , Conover 1990 ). The effect of water temperature on the start of spawning has been observed in many fish species. Low water temperature can affect the vitelleogenesis process and cause a delay in spawning time (Kjesbu 1994) . Thus, in our study, the lower water temperature observed during the months of yolk formation (January and February) in the first spawning period of 2008 could account for the later spawning activity of the common kilka as compared with the second year in 2009.
The present study showed that the estimated batch fecundity was 6718 oocytes for each gram of body weight. It has been observed that the number of oocytes produced by each fish has a direct connection with its physical and nutritional condition because a reduction in physical energy and inappropriate feeding can lead to a decrease in fecundity (Lambert and Dutil 2000) . In female common kilka, the occurrence of atresia (mostly in the stages of α and α atresia) is observed in the early vitellogenic stages (stage 3). This has been recognized as a natural process regulating the surplus of oocytes in the early vitellogenic stages before recruitment into successive stages of development (Lowerre-Barbieri et al. 1996, Tyler and Sumpter 1996) and therefore the occurrence of atretic oocytes does not appear to play a significant role in regulating fecundity.
The lack of atresia at the peak of the reproductive period of the common kilka reflects a high success in the spawning performance, which may be a result of favourable environmental and nutritional conditions (Brown-Peterson et al. 2001) for the common kilka in the south Caspian Sea. In other words, the presence of M. leidyi as a food rival for kilka (Kideys et al. 2001) does not at present appear to seriously influence its physical and somatic conditions. The somatic condition of these fish observed in 2008 accounts for a favourable nutritional condition of this region for the kilka. In fact, female common kilka were noticeably in better somatic condition in 2008 (Table 3 ) than in the period 1994-1996, when M. leidyi appeared in the Caspian Sea. Thus, because of better somatic condition and its positive effect on reproduction in recent years (2008) (2009) , it is unlikely that the reduction of common kilka stocks is due to the reproductive potential of these fish. After a dramatic decline in the abundance of the other two kilka species (anchovy and big eye kilkas) in 2004 (Fazli 2007) , food competition for zooplankton decreased among kilka species, so the common kilka has reached optimal somatic condition in recent years. Janbaz (2006) discovered an increased condition factor for the common kilka approximately ten years after the arrival of M. leidyi. Nevertheless, the nutritional state of the common kilka and its relation to somatic and reproductive conditions need to be explored in the future.
Despite the habitat overlap between the common kilka and M. leidyi, the results of the present study show that the somatic condition and reproductive potential of the common kilka have not been affected by competition with M. leidyi for zooplankton. It has been shown that the reproductive potential of the individual fish within the spawning stock affects recruitment (Ri- jnsdorp 1991, Kjesbu et al. 1996 , Trippel et al. 1997 . Therefore, a decline in the abundance of the common kilka is not related to the reproductive capacity of individuals, which was believed to be affected as a result of the outbreak of M. leidyi. The reduction in kilka stock is likely to be related to the reduction in the number of adult individuals because of severe fishing. The number of mature individuals is thus insufficient to protect the common kilka population from the problems of overfishing.
